The indoor pool where the lifeguards worked was located in a large municipal recreation center. The swimming area consisted of 3 separate pools joined by two 4-foot (120-cm) waterfalls. The pool area contained 3 wall spouts, 4 fan sprays, 4 bridge sprays, a large and a small water slide, a leviXjpi! tator pump, a "bubbler," and a "mushroom" fountain. Two hot tubs located in an alcove behind the lap pool were disinfected with hydrogen peroxide and a bromine solution. Pool water was disinfected with chlorine and recirculated through the water spray features.
The indoor pool where the lifeguards worked was located in a large municipal recreation center. The swimming area consisted of 3 separate pools joined by two 4-foot (120-cm) waterfalls. The pool area contained 3 wall spouts, 4 fan sprays, 4 bridge sprays, a large and a small water slide, a leviXjpi! tator pump, a "bubbler," and a "mushroom"
fountain. Two hot tubs located in an alcove behind the lap pool were disinfected with hydrogen peroxide and a bromine solution. Pool water was disinfected with chlorine and recirculated through the water spray features.
Discussion with aquatics supervisors revealed persistently increased combined chlorine levels and alkaline pool water, but review of logs showed that water chemistry parameters consistently met current standards. Water spray features ran continuously when the pool first opened in November 1986. Within several months, the guards complained of oppressive humidity when water spray features were in use, and an hourly rotation system was devised to keep some of the features on at all times and others on intermittently. Despite this system, the lifeguards frequently turned off the water spray features in an effort to improve air quality. Employee health records indicated that at least 10 lifeguards had experienced pool-related respiratory and systemic symptoms during the 3 years since the pool had opened. A number of lifeguards had quit as a result ofthese symptoms.
Following extensive ventilation system and engineering improvements, the pool reopened in May 1990. Within 3 months, we recognized a second outbreak ofgranulomatous lung disease among both newly hired and previously healthy rehired lifeguards, leading to pool reclosure.
Methods
Our investigation included administration of a supplemented American Thoracic Society respiratory disease questionnaire to all current recreation center employees and former pool employees who could be located by the Colorado Health Department; clinical evaluation of respondents with pool-related symptoms; and industrial hygiene and ventilation system assessment ofthe pool.
Epidemiology
Following recognition of the first outbreak, we distributed questionnaires for case ascertainment to 67 current or former pool employees and 71 current nonpool employees of the recreation center. When the pool reopened in May 1990, the questionnaire was distributed to all 23 lifeguards as part of a baseline medical evaluation. Three months later, 18 lifeguards and 12 nonpool employees completed the questionnaire as part of the second outbreak investigation.
Recreation center employees who reported at least 2 of 4 symptoms (frequent cough, recurrent wheezing or chest tightness, dyspnea, or fever) occurning on days or evenings after working at the recreation center were offered further diagnostic evaluation. We obtained informed consent for bronchoscopy with bronchoalveolar lavage and transbronchial biopsies.
We defined a definite case of poolrelated lung disease as involving a person with 2 work-related symptoms and both ofthe following: (1) 14) were not included in analyses.
Smokers were defined as those who had smoked at least 20 packs of cigarettes or at least 1 cigarette per day for at least 1 year, and ex-smokers were defined as those who had stopped smoking more than 1 month before evaluation.3 Latency was defined as the interval between date of hire at the pool and onset ofpool-related symptoms. We calculated each individual's cumulative exposure by multiplying the number of hours worked per week by the total number ofweeks worked at the pool.
Industrial Hygiene
Ventilation system and particle size analysis. We examined the pool ventilation system by direct visualization, fiber-optic inspection of ducts not easily accessed, and passing of cable-mounted television cameras through ductwork. Smoke testing and tracer gas analysis were used to assess air movement and ventilation efficiency. We measured the effect of pool water features on respirable aerosol levels with a Las-X 16-channel forward light scattering spectrophotometer (Particle Measuring Systems, Boulder, Colo) in September 1990 after the pool had closed the second time. The Las-X was set to average the number of particles counted over a 10-minute sampling period in the size range of 0.1 to 7.5 gm diameter. During the sampling periods, water feature activity and ventilation system settings were varied to assess their relative contributions to aerosol levels at a fixed instrument location.
Microbial sampling. We tested air and water from the hot tub and multiple pool areas for microbial contaminants that have been associated with outbreaks of hypersensitivity pneumonitis and other febrile respiratory illnesses, including gram-negative bacilli, legionella, thermophiles, fungi, and amoebae. Details Fungi recovered were identified to the level of genus. Two personal Burkard spore traps (Burkard Manufacturing Co Ltd, Hertfordshire, England), calibrated to sample at a flow rate of approximately 10 L per minute, were used to collect paired samples for analysis of nonviable fungi. Swab samples were obtained from the ventilation system and from environmental surfaces in the pool. Water samples from the deep pool, lap pool, wading pool, hot tubs, and water spouts were sent as bulk samples, plated, and identified to the level of genus.
Bacteria. We obtained air samples for bacteriologic analysis using the sixth stage of 2 Andersen microbial air samplers, a 28.3 L per minute flow rate, 1-or 2-minute sampling times, and nutrient, MacConkey, or tryptic soy (for thermophiles) agars. In addition, air was passed through sterile glass impingers containing 0.85% saline and 10% sodium thiosulfate at a calibrated flow rate of 1 L per minute via SKC universal flow sampling pumps (SKC Inc, Eighty Four, Pa). We obtained duplicate water samples for bacteriologic analysis by immersing sterile polycarbonate bottles containing 2 mL of 10% sodium thiosulfate solution directly into pool water or under the outflow stream of the pool water features. Within 18 hours, aliquots of 100 mL, 10 mL, 1 mL, 0.1 mL, and 0.01 mL were filtered by vacuum suction through 0.45-,um cellulose acetate filters (47 mm diameter; Gelman Sciences, Ann Arbor, Mich). Filters were then placed on petri dishes with nutrient, MacConkey, or R2A agar for culture. Isolates of gram-negative bacilli were identified by use of the API20E system (Analytabs Products, Plainview, NY). Water samples for legionella were cultured on buffered charcoal yeast extract and selective buffered charcoal yeast extract agars.
Amoebae. Water samples from the lap pool, wading pool, and hot tub were filtered through 3 layers of sterile cheesecloth and a sterile 5.0-pm cellulose acetate membrane (47 mm diameter), inoculated on nonnutrient agar plates coated with enteric bacteria, incubated at 43°C, and observed microscopically for amoebal growth.
Endotoxin. Air samples for endotoxin analysis were drawn through 37-mm polycarbonate 0. 73-86 EU/mL; highest upper confidence limit: 94 EU/mL) and tap water endotoxin levels obtained from the recreation center (3.9 EU/mL, 95% CI = 3.0, 4.9).
Air endotoxin levels had increased to a mean of 450 EU/m3 2 weeks after the pool closed in October 1989 (with all water features on) (Figure 1 ). Lap pool water endotoxin levels had tripled (800 EU/mL). Ten pirable droplets when the sprays were activated. Third, endotoxin levels in pool air and water were elevated during both outbreaks in this pool (relative to control pools) and increased with water feature use. Gram-negative bacteria and bacterial outer membrane fragments contain endotoxin. The presence of endotoxin without demonstration of high levels of viable bacteria in our pool air samples suggests that the microbial contaminants were not present in high enough concentrations to allow detection, did not survive aerosolization, or were not detected owing to the limitations of available culture conditions. Our observation of an association between air and water endotoxin levels and pool-related lung disease suggests that endotoxin may be a marker, an etiologic agent, or an adjuvant enhancing the processes leading to lymphocytic alveolitis and granulomatous pneumonitis.202 ' We did not find one isolated microorganism to which we can attribute these 2 outbreaks of pool-related granulomatous disease, despite using state-of-the-art bioaerosol measurement methods and laboratories for every microbial genera that had been associated with similar respiratory disease. Serum precipitin testing against an extract of material collected on a fiberglass filter for a 24-hour high-volume pool air sample showed precipitins in both pool cases of hypersensitivity pneumonitis and unexposed controls, and no precipitins were present in serum of case patients against a standard commercial battery of hypersensitivity pneumonitis antigens (data not shown).
The disease found in lifeguards in these sequential outbreaks shares histopathologic features with hypersensitivity pneumonitis. Although the high attack rate is unusual, previous reports of hypersensitivity pneumonitis outbreaks in industrial and office buildings have described widely varying attack rates ranging from 1% to 70% of exposed populations.22 The latency. Following the first outbreak, some lifeguards described pool-related symptoms within weeks after beginning employment, while others worked for 2 years at the pool before noticing symptoms. The second outbreak provided a more reliable estimate of symptom latency, because pool exposure began at approximately the same time for all lifeguards and medical evaluations were performed shortly after symptoms were reported. The high attack rate and short duration of exposure preceding symptom onset in the second outbreak suggest extremely effective dissemination of bioaerosols to which a large portion of the exposed employee population could react. The initial finding of ventilation system deficiencies seemed to support the lifeguards' reports of poor air quality in the pool, especially in the winter months, when outdoor air intake was minimized to conserve heat. However, correction of ventilation deficiencies following the first outbreak did not prevent recurrence of illness after the pool reopened. The second outbreak suggests that source control, rather than dilution ventilation, is necessary to prevent disease. The pool was subsequently reopened without apparent disease recurrence after water feature circuits had been replaced and supplied with water directly from a corona discharge ozone disinfection system and after provision of free residual chlorine in pool water from chlorine gas.
These recurring outbreaks are probably not unique to the indoor swimming pool described here. With the growth in the leisure pool industry worldwide and the use of water spray features in indoor pools, new cases of pool-associated granulomatous pneumonitis are likely to occur. Recognition of other outbreaks of granulomatous pneumonitis will allow further investigations of the microbial ecology and bioaerosol dissemination in indoor swimming pools so that successful primary prevention, surveillance, and abatement strategies can be implemented. D
